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(54) Method for producing control signals, method of controlling signal transfer and a hearinq 
device * 



(57) Acoustical signals from the acoustical sur- 
rounding (U) which impinge upon a reception unit 30 are 
evaluated and direction of arrival (DOA) of such signals 
is determined. From signals indicative of such direction 
of arrival (DOA) a histogram is formed in unit 32. The 
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behaviour of such histogram is classified under different 
aspects or criteria and dependent on classification re- 
sults in a classifying unit 34 the hearing device and 
thereby especially its signal transfer characteristic from 
input acoustical signals to output mechanical signals is 
controlled or adjusted. 
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Description 

10001] The present invention is genericaliy directed 
under a first aspect oh the control of signal transfer char- 
acteristics of acoustical signals impinging upon the 
sensing area of a hearing device to electrical signals for 
driving at least one electrical/mechanical output con- 
verter of such a device and under a second aspect on 
binaural hearing device systems which necessitate a 
communication link between a device arranged in or a 
adjacent one ear and a device in or adjacent the other 
ear of an individual. The one-ear devfce comprises at 
least an arrangement of input acoustical/mechanical 
converters whereas the other ear device at least com- 
prises an output electrical/mechanical converter Both 
aspects are thereby most preferably combined. 
[0002] Under the first aspect, from the WO 02/32208 
according with US application no. 10/059059, the WO 
01/20965 accordingly the US application no. 
2002-0037087 or from the WO 01/22790 according to 
US application no. 2002/0090098 different techniques 
have become known by which the acoustical surround- 
ing of an individual carrying a hearing device and there- 
by preferably a hearing aid dovrcc. may be classified 
and the transfer characteristic between the acoustical 
input signal to such a device and mechanical output sig- 
nal of such device is controlled or adjusted according to 
such classifying result. The present invention is directed 
to exploiting a specific criterion of acoustical surround- 
ing of the individual and thus of the hearing device on 
one hand for producing or manufacturing a respective 
control signal for such transfer characteristic, on the oth- 
er hand for positively controlling such transfer charac- 
teristic of a hearing device. 

[0003] According to the most generic aspect of the 
present invention under its first aspect such criterion of 
the acoustical surrounding is the angular location of 
acoustical sources within such surrounding. The above 
mentioned object of the present invention is resolved on 
one hand by a method for producing control signals or 
-data at a hearing device for controlling the signal trans- 
fer characteristic of acoustical signals impinging on said 
device to electrical signals driving at least one electrical/ 
mechanical output converter of said device which com- 
prises the steps of generating first signals or data which 
are indicative of direction of arrival of acoustical signals 
impinging on a sensing area of the device and further 
generating the said control signals or -data in depend- 
ency of'the first signal or data. Further the object outlined 
above is resolved according to the present invention by 
a method of controlling signal transfer characteristic of 
acoustical signals impinging on a sensing aroa to elec- 
trical signals driving at least one electrical/mechanical 
output converter of the hearing device which comprises 
the steps of generating at said device first signals or data 
which are indicative of direction of arrival of acoustical 
signals impinging on the sensing area of such device 
and controlling the signal transfer with control signals or 



data in dependency of the first signals or data. 
[0004] The angular positrons of acoustical sources in 
the acoustiGal surrounding of the device arelhereby, de- 
termined by generating the first signals or data which 

5 are indicative of direction of arrival, As will be seen ex- 
ploiting such direction of arrival DOA allows classifying 
the acoustical surrounding under many criteria addition- 
al to just angular localisation of acoustical sources. 
[0005] 1 n a most preferred embodiment of the present 

10 invention the control signal or -data are realised in de- 
pendency of the first signals or data, in that there is gen- 
erated from a signal or data which depends from the first 
signal or data which depends from the first signals, or 
data a histogram, and the control signals or data are 

'5 generated in dependency of such histogram. By f orming 
a histogram from signals which are indicative of DOA 
the time evolution of acoustical surrounding is moni- 
tored somehow like low-pass filtering. Short term varia- 
tions of the acoustical surrounding are filtered out and 

20 ttere remains in the histogram information about more 
relevant and persisting characteristics of the acoustical 
surrounding. 

[0006] Thereby an accurate estimation of the prevail- 
ing acoustical surrounding becomes possible. 
25 [0007] In a further preferred embodiment of the 
present invention the histogram as generated is classi- 
fied and different control signals or data are generated 
in dependency of the result of such classifying. 
[0008] We understand under classification of a histo- 
36 gram watching different characteristics of such histo- 
gram as e.g. peak -magnitude, peak-width, relative po- 
sitioning of such peaks; time evolution etc. and estab- 
lishing which characteristics of the acoustical surround- 
ing lead to which characteristics or combination of char- 
ts acteristics in the histogram as a basesfOr appropriately 
setting orcontrotiingthe transfer characteristic of the de- 
vice. Thereby the acoustical surrounding is considered 
related to the device which receives the acoustical sig- 
nals so that not only different behaviours of the acous- 
40 ileal surrounding itself but additionally some behaviour 
of the device and thus of the individual in the acoustical 
surrounding may be evaluated or detected. 
[0009] In a preferred mode of operating the methods 
according the present invention the histogram function 
4 * is classified according to at least one of The following 
aspects or criteria; 

* how Is the angular location and/or its evolution of 
an acoustical source with respect to the hearing de- 

& vice and/or with respect to other sources 

° what is the distance and/or its evolution of an acous- 
tical source with respect to the device and/or with 
respect to other acoustical sources 

55 

• which is the significance of an acoustical source 
with respect to other acoustical sources 
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•■• how is the angular movement of the device itself 
and thus of the individual with respect to the.acous- 
tical surrounding and thus to acoiistteai sources. 

[0010] The control signals or data are generated in 
dependency of the result of;such classifying at least un- 
der at least one of said criteria i.e. in dependency of the 
answers electronically found under such criteria. In a 
further preferred embodiment of the methods according 
to the present invention the hearing device is provided 
with a beamformer characteristic. Such a beamformer 
characteristic defines for amplification between an 
acoustical signal which impinges on the device's sens- 
ing area and an electrical signal or data in dependency 
of direction of arrival of the acoustical signal with respect 
to the sensing area: thereby controlling the addressed 
signal transfer characteristic at least comprises control- 
ling the beamformer characteristic. 
[001 1 J By generating ihe first signal or data indicative 
of direction of arrival of an acoustical signal It is e.g. pos- 
sible to determine whether the beamtormer's amplifica- 
tion characteristic has its maximum at that angle which 
accords with the OOA angle. If it hasnl and if the source 
at the specific DOA is to bo accurately tracked, the 
beamformer is e.g. adjusted to shift its maximum ampli- 
fication angle so as to coincide with the DOA. Thereby 
source tracking is performed. In analogy a source under 
a detected DOA may be cancelled as at least momen- 
tarily of no interest, by shifting low- or ?ero*amplrffcation 
of the beamformer to occur at the specific DOA of that 
source. 

[001 2] Also under this beamformer control aspect it is 
preferred to generate in dependency of the first signals 
or data (DOA-indicative) a histogram and controlling at 
least the beamformer characteristic of the device in de- 
pendency of such histogram. 

[0013] With respect to the advantages of subjecting 
direction of arrival indicative signals to histogramming, 
the same prevails as was outlined above. 
[001 4] In analogy to the above addressed classifying 
technique in a still further preferred embodiment the his- 
togram is classified and different control signals or data 
which at least control the beamformer characteristic are 
generated in dependency. of the result of such classify- 
ing. Further classifying the histogram comprises classi- 
fying such histogram under at least one of the following 
criteria; 

• how is the angular location and/or its time evolution 
of an acoustical source with respect to the device 
and/or with respect to other sources 

• what is the distance anoVor its time evolution of an 
acoustical source with respect to the device and/or 
with respect to other sources 

• what is the significance of an acoustical source with 
respect to other acoustical sources 



• how is rhe angular movement of the device itself 
with respect to the acoustical surrounding. 

[0015] Thereby controlling at least the beamformer 
5 characteristic is performed in dependency of the result 
of the classifying which comprises classifying under at 
least one of the said criteria, 

[0016] Under a further most preferred embodiment, 
primarily directed on a binaural hearing device, the 

io methods according to the present Invention comprise 
the steps of generating the first electric signal in depend- 
ency of acoustical signals which impinge upon a. first 
acoustical receiver. Second -electrical signals are gen- 
erated in dependency of acoustical signals impinging 

f s upon a second acoustical receiver. A first electrlcal/me- 
chanical output converter is driven by a third electrical 
signal whereas a second electrical/mechanical convert- 
er is driven by a forth electric signaJ. By control signals 
or data generated according lo the present invention, at 
20 least one of the following signal transfer characterstics 
is controlled and adjusted: 

• transfer characteristic from the first electric, signal 
to the forth electric signal 

25 

transfer characteristic from the second electric sig- 
nal to the forth electric signal 

• transfer characteristic from the first electric signal 
30 to the third electric signal 

• and finally transfer characteristic from the second 
electric signal to the forth electric signal. 

35 [001 7j Thereby considering the two acoustical receiv- 
ers provided and the two electrical/mechanical output 
conveners provided, by the said transfer characteristics 
the influence of each of the said acoustical receivers up- 
on each of the said output converts may be controlled 

40 or adjusted respectively in a preferred realisation form. 
[0018] Again in a preferred realisation form the at 
least one transfer characteristic and thereby in a further 
preferred embodiment all the four transfer characteris- 
tics as mentioned are controlled by exploiting a htsto- 

« gram of a signal v/hich is dependent from at least one 
of the first and of the second electric signals and thus 
from the acoustical signals impinging upon the firs! and/ 
or second acoustical receivers.. 
[0019] In a still further embodiment such histogram is 

*> classified and the at least one of said transfer charac- 
teristics is controlled in dependency of the result of clas- 
sifying. Thereby classifying is preferably performed at 
least under at least one of the above mentioned classi- 
fication criteria. 

s [0020] In a most preferred embodiment of the method 
performed with at least two acoustical receivers and the 
two electrical/mechanteaf output converters, at least 
one head related transfer-function HRTFis reintroduced 
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by respectively adjusting the at least one of the said 
transfer characteristics. This is done in the transferchar- 
acteristtes from the first signal to the forth signal and/or 
from the- Second, signal to the third signal. 
[0021] As an example. 

[0022] Whenever an acoustical source becomes or is 
angularly located so that, considered from one acousti- 
cal receiver, it appears acoustically shadowed or 
masked by the individual's head, whereas, considered 
from the other acoustical receiver it Is directly acousti- 
cally seen T on one hand the acoustical signal to the first 
mentioned masked receiver will be significantly smaller 
than the acoustical signal impinging on the unmask re- 
ceiver so that reception of that acoustical signal at the 
unmask receiver will be more accurate e.g. with respect 
to signal to noise. Therefore it might be advantageous 
not only to drive the output convener adjacent to the un- 
mask receiver primarily in dependency of its output sig- 
nal, but also to drive the other output convener adjacent 
to the masked acoustical receiver primarily In depend- 
ency of thatsignal with high SNR Nevertheless in such 
a case the signal transfer characteristic from the un- 
masked receiver to the output converter adjacent the 
masked receiver should re-establish the HRTF i.e. the 
masking effect of individuals head, so as to allow the 
individual to perceive the acoustical signal of that source 
spatially correct 

[0023] A hearing device according to the present in- 
vention and resolving the above mentioned object has 
an acoustical/electrical input converter arrangement 
with an output, an electrical/mechanical output convert- 
er arrangement with an input, a direction of arrival de- 
termining unit with an input operationally connected to 
theoutput of the acoustical/elect heal converter arrange- 
ment which generates at an output a signal or data in- 
dicative of direction of arrival of acoustical signals im- 
pinging on the acoustical/electrical input converter ar- 
rangement. There is further provided a controlled signal 
transfer unit, the input thereof being operationally con- 
nected to the output of the acoustical/electrical input 
converter arrangement, the output thereof being opera- 
tionally connected to the inputof the electricaf/riiechan- 
ical output converter arrangement. The controlled signal 
transfer unit provides for controlled signal transfer be- 
tween the input and the output and has a control input 
which is operationally connected to the output of the di- 
rection of arrival determining unii. 
[0024] Further preferred embodiment of the methods 
according to the present invention under its first aspect 
as well as of the device according to the present inven- 
tion under that aspect will become apparent to the 
skilled artisan when reading the following description of 
preferred embodiments of the prosoht invention as well 
the appending claims. 

[0025] Under the second aspect of the present inven- 
tion, most preferably combined with the first one. from 
the WO 99/43185 such a binaural hearing device sys- 
tem is known, whereat each device associated to an ear 



comprises an input acoustical/electrical converter and 
an output electrical/mechanical converter. There is fur- 
ther provided a comm unication link between the two de- 
vices whereby data or signals are cross communicated 
5 via such link which are respectively dependent from the 
output signals of the respectively provided acoustical/ 
electrical input converters. Thereby before the respec- 
tive converter output signals are applied to the commu- 
nication link they are analogue/digital converted where- 

10 by there may be Implemented in the respective ana- 
logue/digital converters some additional signal preproc- 
essing. Further such a system is known from the US 
2002-004695 A1 . Location of the commu nication link ap- 
pears to be unambiguously defined. 
[0026] Todays monaural hearing deviceseustomariry 
have at least two input acoustical/electrical converters 
for beamformlng purposes. The binaural system ac^ 
cording to the WO 99/43185 may be tailored to provide 
beamforrnirigby using the two input converters provided 

20 at the respective one ear attributed devices. Thereby, 
as outlined above, data are cross-transmitted via the 
communication link which are possibly preprocessed 
but which comprise substantially more information than 
really needed. Further boamforming with two input con- 

& verters placed one on each side of individuals head may 
be quite complex and inaccurate e.g. due to the head- 
related acoustical transfer functions HRTF which de- 
scribe the effects of acoustical signals being •shad- 
owed" by individuals head Such shadowing occurs, de- 

30 pendent on direction of arrival of acoustical signals, 
asymmetrically with respect to both ears which on one 
hand allows spatial perception, on the other hand 
renders beamformlng quite complex. 
[0027] It as an object of the present invention under 

35 its second aspect to provide a binaural hearing device 
system and respectively a method for controlling such 
hearing device system whereat the technique of provid- 
ing at least two input acoustical/electrical converters at 
one ears device is maintained as known from monaural 

*o devices and additionally there is nevertheless applied 
to the communication link only one signal or data which 
is thereby dependent from the output signals of both of 
the at least two input converters at one ear's device. 
Thereby a significantly reduced amount of data is trans- 
mined via said link compared with a case where, follow- 
ing the concept of the WO 99/43185, output. signals of 
each input converter are separately transmitted via the 
link. 

[0028] This object is resolved by the binaural hearing 
so device system according to the present invention which 
comprises a first device for one ear of an individual, a 
second device for the other car. a data/signal commu- 
nication link between the first and the second device 
whereby the first device comprises at least a reception 
55 unit with at least two input acoustical/electrical convert- 
ers and a signal processing unii the inputs of which be- 
ing operationally connected to the electrical outputs of 
the at least two converters and which generates at a 
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combined output a signal which is. dependent on signals 
a! both the said inputs whereby the signai fink is provid- 
ed at the output side of such processing unitand trans- 
mits data signals which depend upon the output signal 
of the processing unit whereby the second device com- 
prises at (east an output electrical/mechanical convert- 
er. 

[0029] As is known to the skilled artisan there exist so 
called Complete-ln-the-Ohannel. CIC-hearirig devices 
whereat due to complete introduction in the ear channel 
only one input acoustical/electrical converter is provid- 
ed. Thereby whenever instead of the device mentioned 
above with at least two input converters, a CIC with only 
one input .acoustical/electrical converter is to be applied 
according to the present invention's general concept, 
significant information and data reduction Is achieved 
before transmitting data to the communication link, in 
that there is provided between the output of the one in- 
put converter and the communication link, a Wiener-Fil- 
ter. 

[0030] As was mentioned above the system accord- 
ing to the present invention provides in one embodiment 
the first device to be applied to one ear not having an 
electrical/mechanical output converter and thus only 
having in a reception unit the at least two acoustical/ 
electrical input converters. This embodiment might be 
most valid e.g. if on any reason it is not possible to apply 
a device with at least two input converters at that ear 
where hearing shall be improved. 
[0031 ] Thereby the second device does not comprise 
an input acoustical/electrical converter irrespective 
whether the first device has an output converter or not. 
[0032] In a further preferred embodiment an output 
electrical/mechanical converter provided at the first de- 
vice Is operationally connected to the output of the 
processing unit and is thus driven by a combined signal 
or data dependent on both outputs of the at least two 
input acousticat/electrical converters provided. 
[0033] In a still further preferred embodiment the sys- 
tem according to the present invention has the reception 
unit of the first device as a first reception unit whereby 
the at least two input acoustical/electrical converters 
thereat are first acoustical/electrical converters. Addi- 
tionally the signal processing unit still at me iirst device 
is a first signal processing unit. 
[0034] Further the output electrical/mechanical con- 
verter al Ihe second device is considered as a second 
output electrical/mechanical converter. The Hrst device 
comprises a first output electrical/mechanical converter 
and the second device a second reception unit. 
[0035] Thus both devices for each of the two ears 
havo respective reception units and thus input acousti- 
cal/electncal conveners and respective output electri- 
cal/mechanical converters. 

[0036] Nevertheless the second reception unit at the 
second device needs not necessarily have more than 
one input acoustical/electrical converter although pro- 
viding also there at least two input acoustical/electrical 



converters is preferred. 

[0037] Further the communication link which is pro- 
vided in ail embodiments according to the present in- 
vention, for communicating between devices adjacent 
5 or in the respective ears, maybe wirebound and/or 
based on optical fiber and/or on wireless communica- 
tion. 

[0038] Whenever both ears devices are equipped 
with input acoustical/electrical converters in a preferred 

io embodiment both devices are equipped with at least two 
of such converters which gives the possibility to provide 
at both devices beamforming ability. Thereby further 
preferably also the second reception unit is equipped 
with a signal processing unit whereby, further preferred, 

*5 the inputs of such processirig unit are operationally con- 
nected to the electrical outputs of the second input con- 
verters at the second reception unit. This processing 
unit generates at a respectively second output a signal 
which is dependent on signals at both said Inputs of the 

20 second signal processing unit whereby the signal link is 
provided at the output sideof the second signai process- 
ing unit. Thus via the addressed signal or comniunica- 
tion link combined signals dependent respectively on 
tho output signal of at ioast two Input converters are bi- 

& directionally transmitted from one device to the other 
and vice versa. 

[0039] Thereby and in a further preferred mode or em- 
bodiment the output of the first signal.processing unit is 
operationally connected to a first inpul of a weighting 

30 unit and the output of a second signai processing unit is 
operationally connected to a second input of the weight- 
ing unit The weighting, unit has a first output which is 
operationally connected to an input of a first output con- 
verter and has a second output which is operationally 

35 connected to the input of the second output converter. 
Thereby the weighting unit may be construed decentral- 
ised e.g. in both devices; The weighting unit has a con- 
trol input and varies operational connection or signal 
transfer between the first input and the first output, the 
first input and the second output, the second input and 
the first output and finally the second input and the sec- 
ond output. Such signal transfers are comrolled by a sig- 
nal or data applied to the control input of said weighting 
unit. Thereby such operational connections between re- 

45 spectlve Inputs andoutputs are formed preferably fre- 
quency or frequency-band specifically arid the respec- 
tive functions which are controlled independently from 
one another are possibly but not necessarily complex 
functions. 

so [0040] So as to determine how the operational con- 
nections between respective inputs and outputs at the 
weighting unit have to be controlled, especially accord- 
ing to the acoustical surrounding present, the control in- 
put of the weighting unit is preferably connected to an 

55 output of a classification unit which later has at least one 
input operationally connected to an output of at least one 
of the reception units. 

[0041] In a further most preferred embodiment the 
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firsr device comprises a beamformer unit which has a 
beamcontro! input and an output. Via the beamcontrol 
input the directional characteristic of the beam as an an> 
plification characteristic in dependency of spatial angle 
at which an acoustical signal impinges on the device, 5 
may be varied. 

[0042] There is further provided a detection unit for 
detecting the direction of arrival of an acoustical signal 
which impinges upon the reception: unit which unit gen- 
erates at an output an output signal in dependency of jo 
said direction of arrival. This output is operationally con* 
n acted to the beamcontrol input of the beamformer unit 
so that e.g, a source of acoustical signal the direction of 
arrival of which having been detected may be more ac- 
curately tracked by accordingly directing a maximum 
amplification direction of the beam upon such'a source. 
Accordingly a. source, as e.g. a noise source, the direc- 
tion thereof having been detected may be cancelled by 
controlling the beam so thai il establishes in that noise 
source direction minimum amplification. 26 
[0043] As was mentioned above in a preferred em- 
bodiment there is provided a weighting unit whereat sig- 
nal transmission between respective inputs and outputs 
is controlled. Thereby control of such signal transmis- 
sion is made dependent from the result achieved in a sa 
classification unit the input thereof being operationally 
connected to at least one output of at least one of the 
reception units. 

[0044] Departing from this embodiment and in a fur- 
ther preferred mode there is provided at the system a 30 
determination unit for the direction of arrival of an acous- 
tical signal impinging on at least one of the devices 
whereby such direction determination unit is intercon- 
nected between at least one input of the classification 
unit and at least one output of at least one of the recep- 35 
tion units at the devices. 

[0045] Thus the classification which finally controls 
signal transfer at the weighting unit at least comprises 
classif ication of signals which depend on direction of ar- 
rival. Thereby and as a further improvement of such em- *o 
bodiment there is provided at least one histogram form- 
ing unit, the input thereof being operationally connected 
to at least one output of at least one of the reception 
units. The output thereof is operationally connected to 
an input of the classification unit. Thus classification at *s 
least comprises classification based on a histogram re- 
sult. Mosl preferably and with an eye on providing a di- 
rection of arrival determination unit such histogram 
forming unit is provided with an input operationally con- 
nected to an output of the determination unit and an out- so 
put operationally connected to the classification unit. 
Thereby classification at least comprises classification 
of a histogram function of a signal or of signals which 
identify such direction of arrival. 

[0046] The object mentioned above still further is re- ss 
solved by the method for controlling a hearing device 
system which comprises at least a reception unit at a 
first device for one ear which has at least two inputs 



acoustical/electrical converters and at least an output 
electrieal/mechan ical converter at a second device for 
the other ear and a communication link between the first 
and the second device which method comprises the 
steps of generating in dependency of output signals of 
the at least two input converters a combined signal and 
transmitting such combined signal via the communica- 
tion link. 

[0047] For applying the method according to the 
present in vention to CIC hearing devices the method ac- 
cording to the invention comprises providing instead of 
the at least two input converters only one converter and 
construing the first device as a device to be completely 
introduced into the ear channel and further comprises a 
step to treat the output of the one input converter by a 
Wiener-Filter and transmitting signals dependent from 
the output of the Wiener-Filter via the communication 
link. 

[0048] The present inven tion and the object thereof is 
further resolved by the method for producing a drive sig- 
nal for a electrical/mechanical output converter of a bin- 
aural hearing device which method comprises the steps 
of acoustical/electrical converting impinging acoustical 
signals at at least two input converters of a device to be 
applied adjacent individuals one ear. transmitting a com- 
bined signal dependent from both said convertings via 
a link to a further device to be applied adjacent or in 
individuals other ear and generating the drive signal in 
dependency of the transmitted signal. 
[0049] Further preferred embodiments: of the meth- 
ods according to the present invention under its second 
aspect as well as of the system according to the present 
invention under this: second aspect will become appar- 
ent to the skilled artisan When reading the following de- 
scription of preferred embodiments of the present inven- 
tion as well as the claims. As mentioned above the in- 
vention under itsfirst aspect is most preferably improved 
in being combined with the invention under its second 
aspect. 

[0050] The present invention under both and com- 
bined aspects will now be further described with the help 
of figures. They show examples of preferred embodi- 
ments, namely: 

Fig. 1 By a schematic, simplified functional-block/ 
signal-flow representation, a first embodi- 
ment of ihe system according to the present 
invention and operated according the meth- 
ods of the present invention; 

Fig. 2 in a representation form in analogy to that of 
fig. 1 a further embodiment of the present in- 
vention; 

Fig. 3 again in a simplified schematic functional- 
block/signal-flow representation a still further 
embodiment according to the present inven- 
tion again operating according to the meth- 
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ods of the present invention; 

Fig. a still in the same representation form, a f urther 
embodiment of the present invention: 

5 

Fig. 5 by means of a simplified schematic function^ 
al-bloGk/sigrial-fiow representation a subenrv 
bodiment for automatic beamcontrol e.g. to 
track acoustical sources and/or to cancel re- 
ception of acoustical sources. Such embodi- io 
mem may preferably be incorporated within 
the embodiments according to the present in- 
vention: 

Fig. 6 departing from a system or methods accord- *5 
ing to fig. 4 still in a simplified schematic f uhc- 
tional-block/signal-flow representation an im- 
proved embodiment of such system or meth- 
ods; 

20 

Fig. 7 by means of a simplified schematic function- 
al-block/signal -flow representation a system 
or method lor controlling a hearing device as 
a function of direction of arrival of acoustical 
signals as detected and preferably classified: 25 

Fig. 8 examples of direction of arrival behaviours as 
appearing on a histogram function to explain 
some of more simple classification criteria as 
preferably exploited at the system or metfv 30 
ods of fig. 7 as welt as at systems or methods 
to be shown with the help of the fig: 9 and 10: 

Fig. 9 in form of a simplified schematic functional- 
block/signal-flow representation an improved as 
and today preferred form of an embodiment 
of the system according to the present inven- 
tion and of the methods according to the 
present invention; 

40 

Fig. 10 departing from the representation of fig. 9 a 
more detailed representation of such system 
or methods making use of direction of arrival 
detection as described in more details in the 
WO 00/68703 which accords with the US ap- >*s 
plication no 09/636 443 and 10/180 585. 

[0051] According to fig. 1 a system according to the 
present invention operating according to the method of 
the present invention both under a first aspect thereof so 
is schematically shown by means of a simplified func- 
tional biock/signaJ flow diagram in a minimal configura- 
tion. There is provided an acoustical reception unit 1 
with at least two acoustical/electrical converters 3a and 
3b, both with a respective acoustical input and an elec- ss 
trical output. Reception unit 1 may incorporate e.g. re- 
spective analog to digital converters connected to the 
outputs of the converters 3a. 3b. time domain to fre- 



quency domain conversion units downstream such an- 
alog to digital converters and has a signal processing 
unit "4 for processing signals in dependency of the ana- 
log signals appearing at the outputs of the converters 
3a. 3b. Processing unit 4 generates at an output A, of 
reception unit 1 a signal or data which is result of com- 
bined processing of signals dependent on the output 
signals of both converters 3a and 3b; The output signal 
at A 1 depends on the output signals of both converters 
3a, 3b. This signal or data at output A, possibly further 
processed at respective signal processing units (not 
shown) generates a signal or data, which is dependent 
oh the output signal or data at A v which is transmitted 
to a transmission link 5, which again may incorporate 
further signal processing. At the output side of transmis- 
sion link 5 a signal or data. Which is dependent on the 
signal appearing at the output A 1 of unit 1, is input to an 
input E 7 of an electrical/mechanical converter unit 7. 
Unit 1 is applied adjacent or within one of an individual's 
ears, unit 7 to the other. 

[0052] The system as shown in fig. 1 is in a preferred 
embodiment a hearing aid system i.e. a therapeutical 
system. Unit 7 is thereby an outside-the-ear or an inside- 
tho-car converter unit or an implanted or implantable 
unit. By this minimal system acoustical signals are re- 
ceived on one of individual's ears and control hearing at 
the other ear. Such a system may be provided, where 
on any reasons, applying the reception unit 1 is not pos- 
sible or difficult on that ear where hearing shall be im- 
proved or reinstalled. 

[0053] The concept of applying a reception unit as of 
unit 1 at or adjacent one ear and transmitting signals or 
data dependent on the received acoustical signals at 
such reception unit to the other earfbr improving hearing 
at that other ear, this concept per se is considered in- 
ventive, irrespective of how reception unit, signal link to 
the other ear and a other's ear converter unit as of unit 
7 of fig. 1 are conceived: Under this concept one ear is 
only provided with an electrical/mechanical unit and no 
reception unit. The embodiments or figs 1 to 3 clearly 
fall under such concept. In any case the link 5 may be 
electric wire based, optical fiber based or may be a wire- 
less communication link. 

[0054] The double-line arrows shown in Fig. i and fol- 
lowing figures represent signal or data communication 
paths. Along such signal path additional signal process- 
ing by respective unils may be established. The double- 
arrows may indicate a direct signal transmission, but 
rather stand for an operational connection, in which sig- 
nals are transmitted and processed in direction of the 
arrow. 

[0055] By the system according to fig. 1 only data or 
signals are transmitted via transmission link 5, which 
have been preprocessed as. by combining signals of at 
least two acoustical to electrical input conveners 3a. 3b. 
[0056] In fig. 2 there is shown in a representation, in 
analogy to that of fig. 1 , a second preferred embodiment, 
which only differs from that of fig. 1 in that unit 1 of fig! 
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1 is.now conceived as a unit 1 0 to be applied completely 
introduced in an individual's ear channel a so-called 
ClC-dovice. As known to the skilled artisan such a QIC 
unit customarily has only one input acoustical to electri- 
cal converter 3c. By means of a digital signal processing 
unit 11 , which is operationally connected e-g. via time 
domain to frequency domain converter and analog to 
digital converter to the analog output of converter 3c, at 
least a.Wiener-filtering is performed. The output signal 
or data of converter 3c is processed by a Wiener filter 
to result in significantly preprocessed data before being 
transmitted via communication link 5 to the electrical to 
mechanical converter unit 7. 

[0057] In fig. 3 there is shown in a representation in 
analogy to that of the figs. 1 or 2 a further preferred em- 
bodiment of the system according to the present inven- 
tion; which operates according to the method of the 
present invention. According to the system of fig. 3. the 
difference lo Lhe syslem of fig. 1 is thai the output A 1 of 
reception unit 1 is not only, via transmission link 5, op- 
erationally connected to the input E 7 of the electric/me- 
chanic converter unit 7 at the other of individual's ears, 
but output A 1 is additionally operationally connected to 
an electrical/mechanical converter unit 7b f which is pro- 
vided at the same ear as reception unfi 1 . 
[0058] It is evident that in dependency of the signals 
or data at output A, the left ear and the right ear units 
7a and 7b have normally to be differently operated. Thus 
there are genetically installed different and/or differently 
operating signal processing units as on one hand be- 
tween the output Ai and link 5. link 5 and input E 7a , and 
on the other hand output A, and input E^ of unit 7b. In 
the case of the embodiment of fig. 3 and asshown in 
dashed-pointed frame, the units 1 and 7b are preferably 
incorporated in a unitary hearing device, especially in a 
hearing aid device being a behind- or an in-the-ear hear- 
ing device. 

[0059] Instead of providing a reception unit 1 with at 
least two input acoustical to electrical converters 3a and 
3b as of fig. 3, this unit may be construed according to 
unit 10 of fig. 2, i.e. as a CIC-unit. 
[0060] According to the embodiment of fig. 3 there is 
in fact established a MASTER-acoustical control by re- 
ception unit 1 at one ear of the individual, whereas a 
hearing device without an input acoustical to electrical 
converter unit is operated at the other ear as a SLAVE 
device. 

[0061] Departing from the system and method as ex- 
plained with the help of fig. 3 a further preferred embod- 
iment of the invention under the first aspect thereof is 
shown in fig. 4. still in a representation in analogy to that 
of the figures 1 to 3. 

[0062] According to the system of fig. 4 there is pro- 
vided for the left ear of an individual a reception unit 1 t 
and for the right ear a reception unit 1 R . Both reception 
units 1 L and 1 R are conceived with respect to signal or 
data processing as was explained with respect to recep- 
tion unit 1 in context with fig. 1. Instead of units 1 p and 



1 L being conceived according to unit 1 of fig. 1, one or 
both thereof may be conceived according to unit 10 of 
fig. 2. A signal or data dependent from the signal or data 
at the output A 1L . of reception unit 1 L is fed to an input 

5 E QL of a selection unit 9. A signal or data which is de- 
pendent from the signal or data appearing at the output 
A 1R of the; right ear reception unit 1 R is fed to an Input 
^9R °f the selection unit 9 There is further provided a 
left ear electrical/mechanical output converter unit 7 L 

io and a right ear electrical/mechanical output converter 
unit7 R . 

[0063] The selection unit 9, as schematically shown 
by a switching arrangement, has an output A$ L and an 
output respectively operationally connected to the 

« inputs of output converters 7 L , 7 R . Signals or data ap- 
pearing at either of the outputs A gL or Ag R may opera- 
tionally be connected to both electrical to mechanical 
converter units 7 L and 7 R . Under the control of a selec- 
tion-control unit 12 and, as schematically shown In unit 

20 9 by an arrangement of switches, the input E^ or the 
input Es R is operationally connected.to both of the con- 
verters 7 L , 7 R . Thereby, whenever the operational signal 
or data connection within selection unit 9 is established 
according to that switching position shown in fig. 4. both 

25 converters 7 L and 7 R are operationally connected to the 
right ear reception unit 1 Rf and therefore the right ear 
reception unit 1 R is the MASTER, in analogy, unit 1 L be- 
comes MASTER whenever the units 7 L and 7 R are op- 
erationally connected to the input EgL of selection unit 9. 

30 [0064] In this embodiment again the right ear units 1 R 
and 7 R are preferably incorporated in a unitary right ear 
hearing device, be it a hearing aid device or be i! a hear- 
ing device for other than therapeutical appliances. In 
analogy the units T L and 7 L are incorporated in a respec- 

35 tive left ear unitary device. Such hearing devices may 
thereby be ih-the-ear or outside-the-ear hearing devices 
ortheir output converters 7 L and/or7 R may be construed 
as implantable devices. Further, the right and left ear 
devices do not necessarily have to be of the same type. 

40 e.g. an in-the-ear and an outside-the-ear hearing device 
may be combined, an outside-the-ear and an implant 
device etc. 

[0065] Looking back on fig. 3 it has been shown that 
the acoustical signal impinging on unit 1 at one ear, e, 

43 g. at the left year, binaurally controls both electrical to 
mechanical output converter units 7a and 7b. We have 
established .thai double-lined arrows stand for opera- 
tional signal or data communication and not necessarily 
for direct connection. Thus, along operational connec- 

so tions processing as by processing units, especially 
DSP's, may be done. For example: As according to fig. 
3 the acoustical signals Impinging on unit 1 do control 
both output converters 7 and thus the head-related 
transfer function HRTF for the SLAVE side with convert- 

55 er 7a is lost, there will preferably be provided as shown 
in dashed fine a DSP 13 exclusively influencing signals 
or data input to ihe SLAVE converter 7a and whereat 
the respective HRTF is taken into account. So as to 
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properly set the parameters of processing in DSP unit 
13 tor- taking the H RTF functions into account, the re- 
ception unit 1 detects direction of arrival DOA asdenot- 
ed bytp ih fig. 3 and there will be transmitted additionally 
to the signal or data dependent from those appearing at 
output A, of unit 1 4 via link 5, a DOA-signifrcant signal 
or data to DSP 13 as shown by signal DOA. Further, 
there.will be preferably provided a DSP 1 4 just upstream 
the input€ 7b and DSP 13 or a further DSP to input E 7a 
as well as DSP 14 will take In account different signal 
processing needs according to the hearing improve- 
ment needs at the respective ears. 
[0066] When looking to the embodiment of fig. 4 in 
analogy to the jusi given explanations with respect to 
the system of fig. 3 ; whenever the right ear device is 
MASTER, the HRTF will preferably be considered for 
the left ear converter 7 L , i.e. the SLAVE and vice versa. 
Thus, the left ear HRTF is taken into account by a DSP 
16. and the right ear HRTF by a DSP 18. Preferably lhai 
one of the unils 1L and 1 R, which acts as a MASTER, 
provides for data about direction of arrival DOA (not 
shown) so as to control the transfer characteristic of the 
respective HRTF DSP 16 and 18. 
[0067] With ancyoon Fig. 1 or 2, there the processing 
unit 4 will preferably take the HRTF of the left side ear 
into consideration. 

£0068] With respect to one preferred possibility for de- 
tecting direction of arrival DOA of acoustical signals at 
the reception units 1 : 10, 1L and 1 R, we refer to the WO 
00/68703 "Method for localizing direction' of the same 
applicant wherein a technique for detecting such direc- 
tion of arrival DOA is completely disclosed- and which 
shall be incorporated with respect to DOA detection into 
the present description. This WO 00/68703 accords with 
US application no. 09/636 443 and no. 107180 585. 
Thereby, the reception units 1 . 1L, 1 R may preferably 
f urther comprise beam formers as are e.g. described in 
the WO 00/54553, according to US application No. 
09/267 742, the WO 99/04598, according to US appli- 
cation No. 09/146 784, the WO 99/09786, according to 
US application No. 09/168 184, all of the same appli- 
cant. 

[0069] Thus, in one preferred embodiment such units 
1 , i L. 1 R provide for both, namely beam forming as well 
as detection ol DOA. Thereby, in a further preferred em- 
bodiment beamforming is controlled by the DOA. 
[0070] This preferred form of realising the reception 
units 1 . 1 L, 1 R as discussed up to now is schematically 
shown in fig. 5. Thereby, the unils 1 , 1 L f 1 R comprise a 
beamforming subunit 20 with at least two input acousti- 
cal/electrical converters. At the output of such unit, 
which accords to output A, or A 1L . A in there appear 
electrical data or signals in dependency of acoustical 
signals impinging on the at least two input converters 
and amplified according to a predetermined character- 
istic in dependency of spatial angle with which the 
acoustical signals impinge on the input converters. The 
outputs of the acoustical to electrical converter are fur- 



ther. exploitede : g. accordingto the teaching of the WO 
00/68703 so as to provide for e signal which is indicative 
of the direction of arrival DOA of the acoustic signals. 
Thereby preferably and as described in the said WO 
00/68703. there is performed a histogram of the DOA 
signals, as will be discussed later. The output of a his- 
togram-forming and evaluating unit 22 controls beam- 
former unit 20 at a control input e.g: to track an 
acoustical source selected with high amplification or to 
delete such acoustical source by low amplification. 
[0071] Turning back to the system of fig. 4, it may be 
seen that the data link 5, which was shown in the figs. 
1 to 3. has not been shown anymore. Such data link, by 
which signals or data are or is transmitted from one ear 
side to the other, may be provided in the system as of 
fig. 5, wherever felt best. The selection unit 9 may e.g. 
be incorporated in one of the left ear or right ear devices, 
e.g. In the left ear device and then the addressed data 
link 5 will be provided at 5! as shown in fig. 5. On the 
other hand the selection unit 9 hiay be split into left ear 
device- and right ear device-units, and then the data link 
5 would be established and following the representation 
of fig. 4 practically within selection unit 9. 
[0072] Further, with an eye on fig. 4, this system clear- 
ly operates one of the two devices as a MASTER, the 
other one. and thereby especially the ouiput converter 
7 thereof, as a SLAVE. Changing this MASTER/SLAVE 
relation occurs abruptly and it is not possible to gently 
control the MASTER/SLAVE weighting of the two devic- 
es. This becomes possible by the improvement on fig. 
4. which shall be explained with the help of fig. 6. 
[0073] According to tig. 6, wherein units which corre- 
spond to units already described in context with fig. 4 
have been denoted with the same reference number, 
the selection unit 9 W in fact is a weighting unit Therein, 
the influence of a signal or data dependent from such 
signal or data at output A 1L upon signal or data respec- 
tively appearing at the outputs Ag t and Ag^ is continu- 
ously adjustable, as shown schematically by variable 
coefficients a, p, In analogy the influence from output 
A 1R upon the two outputs A QL and A 9 r of unit 9 W Is ad- 
justed as schematically shown by variably controllable 
coefficients y and 6. The coefficients a. 0. y, 5 are pref- 
erably frequency dependent or at leas* dependent from 
frequency bands and are normally of complex value. 
These weighting^ coefficients are controlled by a selec- 
tion control unit 12 w . 

[0074] In the embodiments according to the figs. 5 
and 6 there is provided respectively a selection control 
unit 12 or 12 w not. having been described yet. The se- 
lection control unit 12 and respectively 12 w are in fact 
classification units, whereat the Instantaneously prevail- 
ing acoustical environment arid/or the time development 
In the past up to the present of such acoustical surround- 
ing and even a trend estimation for future development 
of such acoustical signals is classified according to pre- 
determined crireria as e.g. disclosed in the WO 
02/32208 which accords with US application no. 1 0/059 
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059 or in the WO 01/20965 according to US application 
no. 2002-0 037 087 or in the WO 01/22790 according 
to US application no. 2002^0 090 098. In any case to the 
classifier and control units 12. 12^ there is input infor- 
mation about the acoustical signals received at units 1, 
1 t and/or 1 R as shown at 13 in Rg.4. at 13a. 13b in Fig! 
6. Under a second aspect of the present invention a pre- 
ferred classilicaUon technique shall be described in the 
following, which is most apt to be combined with the 
present invention under its first aspect described up to 
now. 

[0075J This second aspect of the invention is sche- 
matically shown in fig. 7. by a representation in analogy 
to that used throughout the figs, i to 6. It comprises a 
reception unit 30 with at least two input acousticaf to 
electrical converters. The unit 30 operates so as to gen- 
erate an output electrical signal or data at output A^ 
indicative of the spatial direction of arrival DOA with 
which an acoustical signal impinges upon the acoustical 
inputs of the input converters 31 a and 31b as provided. 
Such a unit is known e.g. from the WO 00/68703 which 
accords with the US application No. 09/636 443 and 
10/180 585 of the same applicant. Prom the instantane- 
ously monitored DOA there is Generated by means of a 
processing unit 32 a histogram function of DOA. This is 
also known from the WO 00/68703. Thus, under the sec- 
ond aspect of the invention there is formed a histogram 
of the instantaneously prevailing DOA. According to the 
second aspect of the invention it is the DOA-histogram 
which is used as entity for classifying the acoustical sig- 
nals in unit 34, which impinge upon the unit 30 and for 
controlling system adjustment especially according to 
figs. 4, 5 ; or 6. Thereby and as schematically shown in 
fig. 7 by dashed^dolted lines, the reception unit 30 is 
preferably a part of a hearing device system 36. The sig- 
nals or data representing audio signals are generated 
by unit 30 at output A 230? if that unit 30 performs com- 
bined tasks of DOA detection and audio signal process- 
ing. The histogram generated at unit 32 is now classified 
in classifying unit 34, which controls at its output most 
generically the behavior of a hearing device system, be 
it a monaural system, but most preferably of a binaural 
hearing device system as shown in Figs. 1 to 6. 
(0076] Accordingly in fig. 8 there ts shown more than 
one output of classifying unit 34 representing different 
controls to the hearing device system according to dif- 
ferent types of histogram appearance and thus of 
acoustical source behavior in the acoustical surround- 
ing U of fig. 7 of the hearing device system, and thus of 
an individual carrying such system. 
[0077] In fig. Sa there is shown purely as an example 
such a histogram function represented by the overall 
time or in fact the ovorall number n of measuring sam- 
ples, which result in a specific DOA spatial angle <p. For 
the DOAtpo a relatively sharp peak is present indicating 
that at that angle ^ to the acoustical input of the con- 
veners 31 a and 31b there is a significant acoustical 
source in the acoustical surrounding U. At <p, there is a 



second yet less relevant acoustical source present in 
the surrounding U. 

[0078] Departing from this histogram (a) some possi- 
ble evaluations in time shall be discussed. According to 
5 fig. 8(b) at the DOA <p 0 the peak has become broadened 
and Its amplitude has dropped. This means e.g. that the 
acoustical source al the angle p 0 has become diffuse, 
which may be caused by an increase of distance be- 
tween the reception unit 30 and the acoustical source 

to in the surrounding U. According to fig. 8(c) and still con- 
sidered as an evolution in time of the situation as present 
according lo fig. 8(a) t it may be seen that the histogram 
has been shifted by an angle A. This means that the re- 
ception unit 30 has rotated relative to the acoustical sur- 

1* rounding^ in other words that the individual carrying a 
system with unit 30 has turned his head by the angle 4. 
This is identified because the relative positioning of the 
sources in the surrounding U according to fig. 8(a) at <p 0 
and at <pj remains stable. 

20 [0079] According to fig. 8(d) the peak appearing at the 
DOA <po according to fig. (a) now appears at a different 
angle q^, whereas the source of at ^ according to fig. 
(a) still appears at the unchanged angle 9,. This means 
that the source at <j>q according to fig. (a) has moved to 

25 the new angular position ^ whereby the reception unit 
30 has not rotated, i.e. the individual has kept his head 
stationary. From these explanations it may be seen 
which kind of criteria are used in classifying unit 34 of 
fig. 8 to establish a relevant acoustical source, increas- 

30 ing distance, decreasing relevancy of a source, appear- 
ance/disappearance of a source movement of individu- 
al's head relative to the acoustical surrounding, angular 
movement of a source in the surrounding U ? etc. 
[0080] From combining and adding further classifying 

35 criteria an intelligent evaluation of the acoustical sur- 
rounding is performed and by the respective results the 
behavior of the hearing device system 34 is controlled, 
This may include source tracking by controlling beam- 
forming and/or with an eye back on fig. 5 and 7 appro- 

40 priate distribution of the influence or signal transfer of 
binaurally provided reception units upon binau rally pro- 
vided output converters. 

[0081 ] Thus u nder the secon d aspect the present in- 
vention Is directed on classifying signals or data which 

*5 are indicative of the DOA and controlling the status or 
behavior of a hearing device, be it a monaural or binau- 
ral device in dependency of the classification result. 
Thereby most preferably classification is performed up- 
on data or signals wherefrom a histogram has been 

so formed. 

[0082] In fig. 9 there is shown a preferred embodi* 
ment, which combines the invention under Its first as- 
pect realized as was explained with the help of fig. 6 and 
under its second aspect. 
55 [0083] A left ear reception u nit 40 L of a left ear hearing 
device is conceived as a beamfonmar with at least two 
input converters 41 L The right ear hearing device, as 
an example, is equally construed as the left ear device 
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and thus comprises a reception unit 40 R equal to the 
unit 40 L . In analogy to the representation in fig, 6 at the 
respective outputs A 1L . A 1R electrical signals or dala are 
generated as a result of processing the output signals 
of the converters 41 . These signals are thus dependent 
on the acoustical signal impinging on the reception 
units, amplified according to the beamformer character- 
istics. The units 40 preferably comprise a respective 
beamformer control input BFG t and BFCr, by which the 
shape of the beamformer characteristic, but especially 
the angle 6 of maximal amplification may be adjusted. 
The units 40 further generate output signals, which are 
indicative of the DOAqv of acoustical signals impinging 
on the acousucaJ inputs at the units 40. Signals or data 
dependent from these output signals DOA L , DOA R are 
respectively input to histogram-forming units 44 D 44^. 
The units 40 combined with histogram-forming units 44 
may and are preferably realized as described in the WO 
00/68703, which accords with the US application No. 
09/636 443. Thereby and as seen in this paper the 
beamformers are based' on the delay-and-add/subtract 
principal and thus the beamformer control input BFC, 
and BFC R may e.g. adjust the delay it is well-known 
to the skilled artisan that by establishing and varying the 
delay t in a delay-and-add/subtract based beamformer. 
the direction 6 of maximum/minimum amplification is 
varied, i.e. the reception lobe of the beamformer is an- 
gularly shifted. As also disclosed in the WO 00/68703 
and also preferably applied to the overall of the present 
invention, signal processing is performed in frequency 
mode and frequency-specificalty, At the output of the 
histogram-forming units 44 the instantaneously prevail- 
ing DOA-dependent histograms are present and signals 
or data dependent there from are fed to a histogram 
classification unit 46. Therein, the histogram courses re- 
sulting from left ear and right ear acoustical signal re- 
ception are evaluated, thereby preferably including 
comparing the histogram courses as prevailing at the 
units 44j_, 44r 

[0084] In unit 46 on one hand the histogram courses 
per se are evaluated, e.g. and with an eye on fig. 8 on 
peaks, width of the peaks, time behavior of the peaks 
etc., and the acoustical surrounding with respect to 
acoustical sources therein is respectively classified, as 
e.g. under the aspect of "acoustical source moving 
away", "acoustical source moving in the surrounding", 
"acoustical source becoming less relevant", "new 
acoustical source appearing"., •'acoustical source disap- 
pearing", "head of the individual moving", etc. Addition- 
ally the interrelation of both histogram courses is eval- 
uated, thereby detecting how one of the histogram 
courses afters or appears with respect to the other side 
histogram course. This is for instance caused by the re- 
spective HRTF L and HRTF R becoming at the left and 
right ears (L. R) differently effective in dependency of 
DOA9. Instead of performing classification on the basis 
of DOA according to the second aspect of the present 
invention other classifications may be exploited as for 



instance described in the WO 02/3220Bpf the same ap- 
plicant which accords with the US application no 1 07059 
059. 

[0085] At the output of histogram classifying unit 46 
there are generated control signals or data dependent 
on the classification result and from preset classifica- 
tion-dependent settings to be realized at the hearing de- : 
vice system. Thereby at the output of classification unit 
46 a signal or data is generated, which is operationally 
connected to the beamformer control input BFC L and 
BFGf, and on the other hand there is generated a control 
signal or data input to the weighting unit 49 ; which ac- 
cords to the unit 9^. of the system of fig. 7. The beam- 
former control data and respective output is shown at 
BFC in fig. 9, the weighting unit control signals or data 
and respective output of unit 46 by SC. The SC signals 
or data do control, as was more generically shown in fig. 
6 at the output of unit 12 w , the weighting unit 49 in that, 
shown by varying weighting coefficients a to y in Fig. 6, 
so the weights or transfer functions with which the output 
signals at outputs A 1L , A 1R respectively act upon elec- 
trical/mechanical converters 47 L and 47 R . 
[0086] To further explain the embodiment of fig. 9 let 
us make an example. To start with there shall appear in 
2* the <p = 0 DOA-direction with respect to the units 40 a 
significant acoustical source. The beamformers of the 
units 40 have their lobe directed on that source defining 
for <p = 8 « 0. Both histograms at unit 44 may have e.g. 
a course as shown in fig. 8(a) The histogram ciasstfi- 
30 cation unit 46 recognizes histogram peaks for q> =: 0 at 
both histograms, and this defines at unit 46 for a yet sta- 
ble and significant acoustical source^ Accordingly by 
means of BFC the beamformers are kept on 8 * 0. The 
SC control signal controls the selection unit 49 for equal- 
35 |y weighted Influence of signals or data appearing at 
both outputs Ail a ir upon the converters 47. 
[0087] Now lers assume this relevant acoustic source 
in the acoustical surrounding U starts to move to the 
right-hand side of f ig. 9. This is recognizable at unit 46, 
40 because both histogram courses will show a develop- 
ment according to fig. 8(d). Thus, unit 46 recognizes: 
•source is moving to the right". As the acoustical source 
considered leads still to a significant sharp peak in both 
histogram courses, the beamformers of units 40 are 
both controlled by the control signals or data BFC to fol- 
low that source. Still the SC control signals control se- 
lection unit 46 at least nearly for equally distributed 
weighting of the influence of the output signals A 1L and 
A 1R upon the converters 47 L and 47 R . 
so [0088] As the acoustical source moves further to the 
right the head-related transfer function HRTF starts to 
influence the acoustical signals as impinging on the 
units 40. Whereas the right-hand side received acous- 
tical signals will not be affected by the HRTF. the left- 
55 hand side recoived acoustical signals from that source 
become more and more influenced by HRTF as the 
acoustical source becomes "hidden" by the \r\6\v\6uaVs. 
head H Therefore, the histogram course at unit 44 R will 
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still have a pronounced peak representing the source 
considered, whereas due to the HRTF the histogram 
course at unit 4\ will show at the angular position of 
the source considered, which is equal to the angular po- 
sition of the peak in the histogram course at unit 44^ a 
more and more enlarged, less pronounced peak. This 
is, purely as ah example, shown in fig. 9 aside the his- 
togram-forming units 44 and with respect to the same 
angular position <p s of the acoustical source considered. 
The classifying unit 46 recognizes by comparing the two 
histogram courses that at the same angular position <p s 
the left side histogram course has a widened and less 
pronounced peak with respect to the right-hand histo- 
gram course. This indicates the type of acoustical sur- 
rounding according to which a moving acoustical source 
has moved so far to the right that the respective HRTF 
function becomes effective. This means that the data 
from that source processed in the left car unit 40 L be- 
come less accurate than the data processed in the right 
ear unit 40 R from that source and therefore the selection 
unit 49 is controlled to react on this specific exemplified 
situation by increasing the influencing of the right side 
signals or data at output A 1R upon the converters 47 L 
and 47 R . Thereby and e.g. within unit 49 the HRTF, 
function, which takes effect on the acoustical signals im- 
pinging upon the left side unit 40 L , will be maintained 
with respect to data operationally acting upon converter 
47 L in a most preferred mode, so as to maintain for the 
individual spatial perception of the acoustical source. 
With respect to beam control, as- the DOA data of the 
right ear unit 40 R become according to this example 
more accurate than the respective data from unit 40 L e. 
g. due to higher level acoustic signals, also beamformer 
control will preferably be at least dominated by the DOA 
data from the right ear unit 40 R (not specifically shown 
in fig. 9). 

[0089] The weighting-coefficients or functions as of a 
to y of fig. 6 t are preferably complex valued, frequency 
orfrequency band dependent functions. In the classifier 
unit also multiple acoustical source situations are de- 
tected and predetermined strategies are set, how to 
control on one hand the beamformers, on the other hand 
the signal transmission at weighting unit most suitably 
for specific acoustical surroundings. 
[0090] Thus, by combining the two aspects of the 
present invention a binaural hearing device system is 
achieved, which incorporates "intelligent" system ad- 
justment based on the evaluation of DOA histogram 
course. 

[0091] Once again it must be emphasized that the da- 
ta or signal processing functions which have been ex- 
plained as by fig. 9. may be split in a great variety of re- 
alization modes to the two hearing devices or may be 
centralized within a unit remote from the hearing devic- 
es, and accordingly the signal transmission link 5 from 
one ear side to the other will be provided. Further, the 
skifled artisan recognizes that the system as of fig. 9 will 
incorporate different digital processing unit DSPs, espe- 



cially a jorig the double-arrowed operational connections 
so as to take into account specific hearing improvement 
needs at both Individual's ears, HRTF functions etc. 
[0092] As we have mentioned before one approach. 
5 which is; today a preferred one. fdr arid as a second as- 
pect of the present invention: is to provide classification 
of the acoustrcaTsurrdunding of an individual so as to 
appropriately control a hearing device, being it a mon- 
aural or a binaural hearing device, based on evaluation 
iQ of the direction of arrival DOA. 

[0093] An approach how to determine the DOA is. as 
was explained before, explained in detail in the WO 
00/68703. Based on that teaching, in fig. 10 there is ex- 
emplified a binaural hearing device system whereat on 
'5 one hand and according to the first aspect of the present 
invention combined data or signals from at least two in- 
put acoustical/electrical converters are respectively 
transmitting from one ear side to the other or In the case 
of a CIC-device with one input converter after having 
20 been processed by a Wiener-Filter. On the other hand 
the embodiment of fig. 10 incorporates also the second 
aspect of the present invention realised on the basis as 
disclosed in the WO 00/68703. A left ear reception unit 
50 L comprises two beamformers one defining a maxi- 
ms mum amplification characteristic in DOA » 0 e direction, 
the other one in the backwards DOA 180° direction. 
In fig. 10 the beamformers are exemplified as being 
equal first order cardoid beamformers, 
[0094] Unit SOl outputs at respective outputs A^ 
30 and A^ signals or data dependent on the impinging 
acoustical signals amplified by the respective DOA de- 
pendent amplification of the beamformers and frequen- 
cy dependent. 

[0095] These signals are respectively denoted in fig. 

55 1 o by S F1 and . This output signals are led after an- 
alogue/digital conversion (not shown) to time domain/ 
frequency domain conversion units 52 tl and 52^ re- 
sulting in frequency specific output signals or data C B1 
and C^. Signals dependent from the output signals of 

40 the conversion units 52 are f urtherfed to absolute value 
forming units 54^ and 54 L1 outputing respective fre- 
quency specific signals or data IC B1 i and IC F1 I. These 
absolute value signals or signals dependent there from 
are fed to a quotient forming or division unit 56 L output- 

« Ing for left ear reception unit 50 L frequency specific a 
quotient Q L . Signals or data dependent from that quo- 
tient Q L are subjected to histogram forming in a hislo- 
grarn forming unit 58 L outputing of histogram data H L . 
[0096] The right ear side with right ear reception unit 

90- 50 R up to data H R is preferably construed exactly equal- 
ly to the left ear side as just described and will therefore 
not specifically be described again. 
[0097] The histogram data from the two histogram 
forming units 58 L and 58 R are input to a classifying. unit 

55 60. 

[0098] Further, signals dependent on the front-for- 
wards beamformers at both reception units 50 L and 50 R 
namely IC P1 1 and IC P2 I are fed to a further quotient form- 
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ins unit 62 v and in analogy signals dependent from the 
output signal of the rear beamformers of both reception 
uhitsas of IC B1 I and IC^I are fed to still further quotient 
forming unit 62 Re . Signals or data dependent from the 
result at the said quotient forming units 62 v and 62 R ^ 
are input to respective histogram forming units 64^ and 
64 v . The histogram data output by these histogram 
forming units are again inputtothe classiffcation unit 60. 
[0099] After classification- e,g. as will just be dis- 
cussed; the classification unit 60 generates output sig- 
nals or data which are operationally linked to a control 
input of the weighting unit 61. Asa function of the clas- 
sification result-data output by classification Unfteo sig- 
nal transfer within weighting unit 61 is controlled, name- 
ly: 

- from an '"put E L1 to which signals dependent from 
the forward beamformer of unit 50 L are fed to output 
A L and output A R respectively, 

from an input E^ to which signals or data depend- 
ent from the output signals of the rear beamformer 
of unit 50 L are fed respectively to the output A L and 
Ar 

and in complete analogy, from the right ear input 
e ri e r2 and *° l he said respective outputs A L and 
a r. Tn e signals output at A L and A R are operation- 
ally fed to the output electrical/mechanical convert- 
ers 63l and 63 R respectively, 

[0100] We define: 



[0103] It has to be noted that it is preferred.to consider 
Oy in this case than Q Re because the acoustical, signal 
impinges at the" higher level on the forward beamformer 
of both units 50, the output signals of these beamform- 
* ers being thus more accurate with respect to signal/ 
noise than the output signais of the respective rear side 
beamformers. 

[0104] The same is considered with respect to evalu- 
ating Q L or Q R . the signals leading to Q L have a better 
19 signal/noise ratio than the signals leading to G R be- 
cause as the target acoustic source moves towards 90° 
the right side H RTF more and more influences signais 
received at the right ear unft 50 R . These considerations 
are made also In the following cases to be discussed 
w and are not repeated. 

[0T05J As the target source is located at the DOA <p 
between 90° and 180 6 the following is valid: 

Q L < 1 and Q Re > 1. 

[01 06] As the target source moves on to a DOA q> be- 
tween 1 80* and 270° the following prevails: 

V Q R <1 andO Re > 1. 

[01 07] Finally as the target source moves to a position 
between 270° and 360* the following prevails: 

Q R > 1 and Q v < 1, 
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[0101] Let's discuss possfole classification results 
and criteria exploited and gencratcdat unit 60 whenever 
an acoustical signal source in the surrounding U is de- 
tected with different DOA's. 

[0102] Whenever DOA o is between 0° and 90° fol- 
lowing is valid: 

Q L > 1 and Q v > 1 . 



so 



55 



[01 08] Thus by evaluating these criteria, as a simpli- 
fied example, within the classification unit 60 it is estab- 
lished around 360° where an acoustical source is locat- 
ed and accordingly in weighting unit 61 the respective 
signal transfer functions are set. As an example: 
[0109] If the source Is detected by the above criteria 
to be located at a DOA between 90° and 180° the rear 
side beamformer of left ear reception unit 50 L will be- 
come master beamformer because that beamformer 
outputs a signal with best signaimoise ratio. Therefore 
the transfer functions or coefficients according to fig. 6 
from input E^ on the one hand to \ and on the other 
hand to A R will become governing Thereby the trans- 
ferred function from to A R will consider the HRTF 
which is not influencing at the source position discussed 
signals impinging on the reception unit SOL but which 
must be considered for driving the right output converter 
63R so as to maintain spatial source perception. Sim- 
plified the forward beamformer of unit SOL and both 
beamformers at unit 50R become slaves and their re- 
spective output signals are merely exploited to generate 
the respective quotients to allow the classification unit 
60 to property classify the prevailing DOA so as to prop- 
erly control signal transfer in weighting unit 61. 
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Claims 

1 . A method for producing control signals or data at a 
hearing devicef or controlling a signal transfer char- 
acteristic of acoustical signets impinging on said de- s 
vice to electric^ signals driving at least one electrv 
cal/mechanicar output converter of said device, 
comprising the steps of generating first signals or 
data which are indicative of direction of arrival of 
acoustical signals impinging on. a sensing area of w 
said device arid generating said control signals or 
-data in dependency of said first signals. or data. 

2. A method of controlling signal transfer of acoustical 
signals impinging on a sensing area to electrical sig- is 
rials driving at least one electrical/mechanical out- 
put convener in a hearing device comprising me 
steps of generating at said device f Irsi signals or da- 
la which are indicative of direction of arrival of 
acoustical signals impinging on said sensing area so 
and controlling said signal transfer by control sig- 
nals or data in dependency of said first signals or 
data. 

3. The method of claim 1 or 2, further comprising gen- ss 
erating in dependency of said first signals or data a 
histogram and generating sard control signals or da- 
ta in dependency of said histogram. 

4. The method of claim 3, further comprising the step 30 
of classifying said histogram and generating differ 

ent control signals or data in dependency of the re- 
suit of said classifying. 

5. The method of claim 4, said step of classifying said 35 
histogram comprising the steps of classifying said 
histogram comprising classifying according to at 
least one of the following criteria: 

• angular location and/or movement of an acous* *o 
tical source with respect to said device and/or 
other sources 

• distance and/or its time evolution of an acous- 
tical source with respect to said device and/or 

to other sources ^ 5 

♦ significance of an acoustical source with re- 
spect to other acoustical sources 

♦ angular movement of the device with respect to 
acoustical sources 



so 

and generating said control signals or data in de- 
pendency of at least one result of said classifying 
under said at least one of said criteria. 

The method of claim 1 or 2, further comprising the 55 
steps of providing said hearing device with a beam- 
former characteristic defining for amplification be- 
tween an acoustical signal impinging on said device 



and an electrical signal or data In dependency of 
direction of arrival of said acoustical signal with re- 
spect to said device, controlling said at least one 
signal transfer characteristic comprising controlling 
said beamforrner characteristic. 

7. The method of claim 6. further comprising generat- 
ing in dependency of said first signals or data a his- 
togram and controlling at .least said beamforrner 
characteristic in dependency of said histogram. 

6. The method of claim 7. further comprising the step 
of classifying said histogram and generating differ- 
ent control signals or data in dependency of the re- 
sult of said classifying. 

9. The method of claim 8. said step of classifying said 
histogram comprising the step of classifying said 
histogram according to at leasi one of the following 
criteria: 

• angular location and/or movement of an acous- 
tical source with respect to said device and/or 
other sources 

• distance and/or its time evolution of an acous- 
tical source with respect to said device and/or 
to other sources 

• significance of an acoustical source with re- 
spect to other acoustical sources 

• angular movement of the device with respect to 
acoustical sources and controlling at least said 
beamforrner characteristic in dependency of at 
least one result of said classifying under at least 
one of said criteria. 

10. The method of one of claims 1 or 2. comprising the 
steps of generating said first electrical signal in de- 
pendency of acoustical signals impinging upon a 
first acoustical receiver generating second electri- 
cal signals in dependency of acoustical signals im- 
pinging upon a second acoustical receiver driving 
a first electrical/mechanical converter with third 
electric signal and a second electrical/mechanical 
converter with fourth electric signal and controlling 
by said control signals or data at least one of 

• the transfer characteristic from said first electri- 
cal signal to said forth electric signal 

• the transfer characteristic from said second 
electrical signal to said forth electric signal 

• the transfer characteristic from said first electri- 
cal signal to said third electric signal 

• the transfer characteristic from said second 
electrical signal to said third electric signal. 
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12. 



The method of claim 10, further comprising gener- 
ating in dependency of at least one of said first and 
of said second electric signals at least one hist* 
gram and controlling at least one of said transfer 
characteristics in dependency of said at feast one 
histogram. 

The method of claim 11, further comprising the 
steps of classifying said at least one histogram and 
differently controlling said at least one transferers- 
acteristjc in dependency of results of said classify- 
ing. 



13. Thernethod of claim 12 : further comprising the step 
of controlling said at least one transfer ch a racteris- 
tic in dependency of at least one result under at 
least one of the following classifying criteria: 

• angular location and/or movement of an acous- 
tical source with respect .to said device and/or 
other sources 

• distance and/or its time evolution of an acous- 
tical source with respect lo said device and/or 
lo other sources 

• significance of an acoustical source with re- 
spect to other acoustical sources 

• angular movement of said device with respect 
to acoustical sources. 

14. The method of claim 10, further comprising the step 
of reintroducing a head-related transfer function in 
at least one of said transfer function from said first 
signal to said fourth signal and from said second 
signal to said third signal. 
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. A hearing device with an acoustical/electrical input 
converter arrangement with an output, ah electrical/ 
mechanical output converter arrangement with an 
input, a direction of arrival determining unit with an 
input operationally connected to said output of said 
acoustical/electrical converter arrangement and 
generating at an output a signal or data indicative 
of direction of arrival of acoustical signals impinging 
on said acoustical/electrical input converter ar- 
rangement, a controlled signal transfer unit the in- 
put thereof being operationally connected to the 
output of said acoustical/electrical input converter 
arrangement, the output thereof being operationally 
connected to the input of said eloctrical/mechanical 
output converter arrangement and providing for 
controlieo! signal transfer between said input and 
said output and having a control input being opera- 
tionally connected to the output of said direction of 
arrival determining unit. 
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16. The device of claim 15 further comprising a histo- 
gram forming unit interconnected between said out- 
put of said direction of arrival determining unit and 
said control input of said control led transfer unit. 

17. The device of claim 16, further comprising a classi- 
fying unit interconnected between an output of said 
histogram forming unit and said control input of said 
controlled transfer unit. 

18. The device of claim 15, being a binaural hearing de- 
vice said acoustical electrical input converter ar- 
rangement comprising a left ear and a right ear 
acoustical/electrical input converter subarrange- 
ment. said efecfjical/mechanical outpul converter 
arrangement comprising a left ear and a right ear 
electrical/mechanical output converter subarrange- 
ment, said controlled transfer unit controlling signal 
transfer from said right ear input converter subar- 
rangement to both said left ear andsaid right ear 
electrical/mechanical output converter subarrange- 
ments and from said right ear efectrical/mech an icai 
Input converter sub-arrangement to both said left ear 
and said right car ctcctrical/mcchanica! output con- 
verter subarrangemeni. 

1 9. The method of claim 1 or 2, said hearing device be- 
ing a hearing aid device, 

20. The device of claim 15 being a hearing aid device. 

.21, A method of manufacturing a hearing device com- 
prising 

• providing at least one device casing 

• providing in said casing an acoustical/elect ricat 
input converter arrangement v/ith an output 

• providing an electrical/mechanical output con- 
verter arrangement, with an input in at least one 
of said at leas- one casings 

• providing a direction of arrival determining unit 
in at least one of said at least one casings, with 
an input, arid with an outpul 

• providing a controlled signal transfer unit in at 
least one of said at least one casings with an 
input, an output and a control input 

and establishing following operational connections; 

between said input of said direction of arrival 
determining unit and said output of said input 
converter arrangement 

- between said input of said transfer unit and said 
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output of said input converter Arrangement 

between said control input arid said output of 
said determining unit 

- between said output of said transfer unit and 
said input of said output converter. 

22. The method of claim 21 , comprising establishing at 
least a part of said connections before providing 
said units, and/br said converter arrangement and/ 
or said output converter in the respective casing. 

23. A binaural hearing device system preferably ac- 
cording to at least one of claims 1 5 to 1 8. comprising 
a first devce for one ear of an individual, a second 
device for the other ear, a data communication link 
between said first and said second devices, said 
first device comprising al least a reception unit with 
at least two input acoustical/electrical converters 
and a signal processing unit, the inputs thereof be- 
ing operationally connected to the electrical outputs 
of said at least two converters and generating at an 
output a signal dependent oh signals at both said 
inputs, said communbation link being provided at 
the output side of said processing unit and transmit- 
ting signals dependent upon said output signal of 
said processing unit said second device comprising 
at leasi a output electrical/mechanical converter. 

24. The binaural hearing device of claim 23. wherein 
said first device is a device to be completely intro- 
duced into individual's ear channel (CIC), wherein 
instead of said at least two inp ut converters there is 
provided a single acoustical/electrical input con- 
verter and wherein instead of said processing unit 
with at least two inputs there is provided a process- 
ing unit with one input operationally connected to 
the output of said single input converter, said signal 
processing unit performing at least a Wiener filter 
operation upon the signal applied to said input. 

25. The system of one of claims 23 or 24, wherein said 
first device for said one ear does not comprise an 
electrical/ mechanical output converter. 

26. The system of claim 23 or 24, wherein said second 
device for said other ear does not comprise an input 
acoustical/ electrical converter. 

27. The system of claim 23 or 24 ( wherein said first de- 
vice for said one ear comprises an output electrical/ 
mechanical converter unit, the input thereof being 
operationally connected to the output of said 
processing unit. 

28. The system of claim 23 or 24, wherein said recep- 
tion unit is a first reception unit, said al least two 
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input acpustical/electrical converters are first 
acoustical/electrical converters at a first reception 
unit, said signal processing: unit is a first signal 
processing unit; said output electrical/rnechanical 
converter is a second output electrical/mechanical 
converter, said first device comprising a first output 
electrical/mechanical con verier, said second de- 
vice comprising a second reception unit with at least 
one second inpui acoustical/electrical converter. 

29. The system of one of claims 23 or 24. wherein said 
data communication link is a wire-bound, an optical 
fiber or a wireless communication link. 



7$ 30. The system of claim 28, wherein said secondrecep- 
tioh unit comprises at least two second Input acous- 
tical/electrical converters and a second signal 
processing unit. 

2° 31. The system of claim 30, wherein the inputs of said 
second signal processing unit are operationally 
connected to the outputs of said second input con- 
verters and generates at a second output a .signal 
dependent on signals at both said inputs of said 

* 5 second signal processing unit, said data communi- 
cation link being provided additionally at the output 
side of said second signal processing unit. 

32. The system of claim 30 or 31 /the output of said first 
30 signal processing unit being operationally connect- 
ed to a first input of a weighting unit the output of 
said second signal processing unit being operation- 
ally connected to a second input of said weighting 
unit, said weighting unit having a first output oper- 
as atlonally connected to the input of said first output 

converter and a second output operationally con- 
nected to the input of said second output converter, 
said weighting unit having a control input, said 
weighting unit varying operational connection of 
said first input to said first output, from said first input 
to said second output, from said second input to 
said first output and from said second input to said 
second output, controlled by a signal applied to said 
control Input. 

45 

33. The system of claim 32, wherein said operational 
connections comprise frequency dependent, com- 
plex transfer functions. 

so 34. The system of claim 32. wherein said control input 
is operationally connected to the output of a classi- 
fication unit with at least one input operationally 
connected to at least one output of at least one of 
said reception units. 

55 

35. The system of claim 23 wherein said first device 
comprises a beamformer unit with a beamcontrol 
input and with an output, a detection unit for the di- 
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rection of arrival of an acoustical signal impinging 
upon said reception unit and generating an output 
signal In dependency of said direction of arrival at 
an output, said output of said direction of arrival de- 
tection unit being operationally connected to said 5 
beamcontrol input of said beamforrner unit. 

The system of claim 34. further comprising a deter- 
mination unit for the. direction of arrival of an acous- 
tical signal said determination unit being intercon- 10 
nected between said at least one input of said clas- 
sification unit and said at least one output of said at 
least one reception unit. 

The system of claim 36, further comprising at least '5 
one histogram forming unit the input thereof being 
operationally connected to said at least one output 
of said at least one reception unit, the output thereof 
being operationally connected to an input of said 
classification unit. & 



38. A method for controlling a hearing device system 
preferably according to at least one of claims 1 to 
14, comprising at least a reception unit at a first de- 
vice for one ear having at least two input acoustical/ 2s 
electrical converters and at least an output electri- 
cal/mechanical converter al a second device for the 
other ear and a communication link between said 
first and said second devices, comprising the steps 
of generating in dependency of output signals of 3d 
said at least two input converters a combined signal 
and transmitting said combined signal via said com- 
munication link. 

39. The method of claim 38, further comprising the step 35 
of providing instead of said at least two input con- 
verters only one converter and construing said first 
device as a device to be completely introduced into 
the ear channel, further comprising to step of treat- 
ing the output of said one input converter by a Wien- -to 
er-Fiiter and transmitting signals dependent from 
the output of said Wiener-Filter via said communi- 
cation link. 

40. The method of ciaim 38 or 39. further comprising *s 
the step of not providing an electrical/mechanical 
output convener at said Hrsl device. 

41. The method of claim 38 or 39, further comprising 
the step of not providing an input acoustical/electri- so 
cai converter at said second device. 

42. The method of claim 38 or 39, further comprising 
the step of providing an output electrical/mechani- 
cal converter to said first device. 55 

43. The method of claim 38 or 39, further comprising 
the step of providing at least one input acoustical/ 



electrical converter at said second device and op- 
erating said output electrical/mechanical converter 
at said second device in dependency of said signal 
transmitted via said communication link and an out- 
put signal of said at feast one Input acoustical/elec- 
trical converter of said second device. 

44. The method of claim 43 ? further comprising control- 
ling signal transfer functions to a signal driving said 
output electrical/mechanical converter at said sec- 
ond device on one hand from output signals of said 
at least two input converters of said first device and 
on the other hand from an output signaJ of said at 
least one input converter of said second device. 

45. The method of claim 44, f urther comprising the step 
of classifying signals dependent from at least two 
of the output signals of said at least two input con- 
verters at said first device and of said at least one 
input converter at said second device and control- 
ling said transf erf unctions in dependency of a result 
of said classifying. 

46. The method of claim 45, further comprising the step 
of determining direction of arrival of an acoustical 
signal impinging on said devices and performing 
said classification in dependency of said direction 
of arrival. 

47. The method of claim 46. further comprising the step 
of generating. at least one histogram indicative of 
time occurrence of directions of arrival and perform- 
ing said classification in dependency of said histo- 
gram. 

48. The method of claim 43, further comprising the step 
of providing ai said first device an output electrical/ 
mechanical converter. 

49. The method of claim 48. further comprising the step 
of driving said output converter of said second de- 
vice in dependency of output signals of said at (east 
one of at least two input converters of said first de- 
vice and in dependency ot output signals of said at 
least one input converter of said second device and 
driving said output converter at said first device in 
dependency of output signals of at least one of said 
at least two Input converters at said first device and 
in dependency of output signals of said at least one 
input convener of said second device. 

50. The method of claim 49, further comprising the step 
of controlling said signal transfer functions of said 
dependencies between output signals of said input 
converters and said output converters. 

51. The method of claim 50, further comprising per- 
forming a classification of signals dependent on at 
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least two output signals of said at least two input 
converters of said first device and said at least one 
input converter of said second device and control- 
ling said dependencies between said output signals 
of said input converters and said output converters s 
in dependency of results of said classification- 
s'. The method of claim 51. further comprising deter- 
mining direction of arrival of acousticai signals upon 
said devices; said classification comprising ctassi- 10 
tying of said direction of arrival. 

53. The method of claim 51 , further comprising the stop 
of forming at least one histogram of a signal, said 
classification comprising classifying the result of f$ 
said histogram forming. 

54. The method of claim 48, said second device com- 
prising at least two input converters. 

20 

55i A method preferably according to at least one of 
claims 21 or 22. further for producing a drive signal 
for an electrical/mechanical output converter of a 
binaural hearing device comprising the steps of 
acoustical/electrical converting impinging acousti- 25 
cal signals at at least two input converters of a de- 
vice to be applied adjacent or in individual's one ear, 
transmitting a signal dependent from both said con- 
vertings via a link to a further device to be applied 
adjacent or in individual's other ear and generating so 
said drive signal in dependency of said transmitted 
signal. 
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(54) Method for producing control signals, method of controlling signal transfer and a hearing 



(57) Acoustical signals from the acoustical sur- 
rounding (U) which impinge upon a reception unh 30 are 
evaluated and direction of arrival (DOA) of such signals 
is determined. From signals indicative of such direction 
of arrival (DOA) a histogram is formed in unit 32. The 
behaviour of such histogram is classified under different 
aspects or criteria and dependent on classification re- 
sults In a classifying unit 34 the hearing device and 
thereby especially its signal transfer characteristic from 
input acoustical signals to output mechanical signals is 
controlled or adjusted. 




St 



CL 



°rmtcd by Jojv* 75001 PARIS (FRj 



EP 1 326 478 A3 




European Paten! 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 00 5179 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegory 



0,X 
Y 

D,X 



Citation of document with fndcattan. where appropriate. 
of relevant passages 



WO 80 68703 A (PHONAK AG ; ROECK HANS UELI 
(CHJ) 16 November 2000 (2000-11-16) 

* the whole document * 

WQ 99 43185 A (T0EPH0LM & UESTE-RMANN 
;WESTERMANff SOEREN ERIK (DK)) 
26 August 1999 (1999-08-26) 
the whole document * 

W 95 15668 A (TOEPKOLK & WESTERMANN 
;IUDVIGSEN CARL (OK)) 

8 June 1995 (1995-06-08) 

* page 12, paragraph 3 - page 14, 
paragraph 1 * 

EP 0 326 905 A (SIEMENS AG) 

9 August 1989 (1989-08-09) 

* abstract * 

* column 1, line 46 - column 2, line 21; 
figure 7 * 



The p » c.; » cni sco tc h rep ort to beendwn O p-J o i a» tiowm 



to claim 



CLASSIFICATION OF THE 
APPUCATIO* flnuq.7) 



1-3,6,7, 

16.19.2C 
11 

1,2,6, 
10, 15,18 

11 

3-5,8,9 
12,13 



3-5,8,9 
12,13 



H04R3/00 
H04R25/8O 



TECHNICAL FIELDS 
SEARCHED (lntCl.7) 



H04R 



PUo» of toaicn 

MUNICH 



Oaiv Qi com action ci tte search 

30 April 2003 



CATEGORY CfTEO DOCUMENTS 

X ; partiruUrty »atev».Tj if taken alona 

Y : partjcuJa^ rtWan if combined w^fOi another 

document pJ I ho &tm« category 
A : tcc^rrtotogsca) bacKproufio 

P ; MSermedaie document 



Gerken, S 



T : lh«*y or ortfKtote undertytnp tawntfan 
E : earter patent document Dm puMsned on. ©* 

after tna.Qing oaro 
D : document cited in me appfcetot 
L : dooumeni died (or otho» reasons 



& : rnembc/ ci Ovs wmo patent tamily" wn«pona «rig~ 
docmnenJ 



2 



EP 1 326 478 A3 




European Patent 
Office 



Apptfcatlon Wumoer 

EP 83 00 5179 



CLAIMS INCURRING FEES 



The presem European patent appScafon ccmpnsed at the time of «g more then ten claims. 



LACK OF UNITY OF INVENTION 



f inventions, nameJy: 



see sheet B 



□ 22«fiSb^lSffi!.ffi fBe f h ?I e tee " paI ? '■**• Bmlt The present European 

»— • searcn report has been drawn up tor hose parts of the EurnraM «««LlIt-L^ 2Si: c " ro P 8an 

mmm In respacl of which search fees have ^ pldl rSSSly^Snlf ^ ' Biale l ° lhe 



R"~] None ol the further search lees have been paid within the fixed tim* Km?, th q «- 

report has been drawn up for those parts oMhe ^opean oateniTtSS^ 6 S-^ 81 ? ? uro ^ an 
first mentioned in the claims, namely claims: tUmpean patenl a ^'«t.on wh,ch relate to the Invention [ 

1-13, L5-2G 



3 



EP 1 326 478 A3 




European Patent UG|( QF UNITY OF INVENTION 
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The Search OMsJon considers that the present European patent application ck>es no! comofy with the 
requirements of unity of invention and relates to several Inventions cr groups of inventions, namely: 

X. Claims: 1-13.15-20 

Classifying a histogram generated in dependency of signals 
which are indicative of direction of arrival of acoustical 
signals, and generating different control signals or data in 
dependency of the result of said classifying, 
t Object; To allow evaluation or detection not only of 

different behaviours of the acoustical surrounding itself, 
but additionally of the behaviour of the device and thus of 
the individual in the acoustic surrounding (cf. claims 4, 8, 



2. Claim : 14 

Reintroducing a head-related transfer function in at least 
one of the transfer functions between an acoustical 
receivers and an electrical /mechanical converters. Object: 
To allow spatially correct perception of the acoustical 
signal even if an acoustical source is angularly located so 
that it appears acoustically shadowed or masked by the 
individual *s head. 



3. Claims: 21,22 

Manufacturing a hearing device comprising the steps of 
providing a casing, providing certain units and establishing 
certain operational connections between the units, wherein 
at least, some of the connections are established before the 
units are provided. Object: To simplify manufacturing of the 
device. 



4. Claims: 23,25-38,40-55 

A binaural hearing device system having a data communication 
link between a first device for one ear and a second device 
for the other ear. the first device comprising at least two 
input acoustical /electrical converters and a signal 
processing unit and the second device comprising at least an 
output electrical/mechanical converter. Object: To reduce 
the amount of data which are transmitted via the link as 
compared to the case where there is a respective input 
converter in each of the first and second devices and output 
signals of each input converter are separately transmitted 
via the link. 



5. Claims: 24,25-34,36,37,39-54 
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A binaural hearing device system having a data coomuni cation 
link between a first device for one ea* and a second device 
for the other ear. the first device being a device to fi 
completely introduced into the ear channel fCJC) and 
comprising a single input acoustical /electrical converter 
and a signal processing unit and the second device 
comprising at least an output electrical /mechanical 
converter, wherein the signal processing unit is adapted to 
?£fcZ V ! aS - 3 Wie ^ fi1ter ^^ation upon the signal 
Efi Srf V IT** 0bj&Ct - : To achieve 5 "fonnation and 
link reduct10n befor « transmitting data to the communication 
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